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Objectives

Jet in Crossflow characteristics

CFD Validation Case and the experimental data

Geometry, Grid, and the Boundary Conditions

Comparative Analysis Results

Summary
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Primary Objectives:

o Investigate mixing characteristics of propellants in preburners

o CFD support for the in-house Themis project

Secondary Objective:

o Validate commercial CFD codes—Fluent, CFD++, and 
      Star-ccm++ against experimental data and an LES results

o Provide numerical data for theoretical developments

Objectives:
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Jet in Cross Flow Characteristics

LOX

Complex flow with multiple engineering 
applications:

Liquid rocket engine pre-burner 
Gas turbine combustors
Film cooling of turbine blades 
Air pollution
Chimney emissions
Industrial burners
Chemical mixing
Wastewater discharges
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Jet in Cross Flow Characteristics

Adapted from Fric and 
Roshko (1994)

LOX
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Project Themis:

In-house combustion device research within the Liquid 
    Rocket Engines Branch (LREs) of  AFRL 

Focuses on investigation of LOX/Hydrocarbon high 
    pressure combustion devices through:

Theory development
Modeling and simulation
Subscale experimentation at reacting and inert conditions:

o Design & test a 10k lbf pre-burner for liquid propellants

Requires good mixing of variable density propellants
Temperature uniformity
Concentration uniformity

Jet in 
Crossflow
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CFD Validation Case

Conduct a validation study for a baseline case:
• Experimental data available
• Unity density ratio
• Multiple confined transverse jets
• Single phase/component

ONERA experimental/LES studies of an eight jet mixing 
chamber
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ONERA Experiments

Pros:
• PIV and PLIF data
• Characterized boundary 

conditions

Cons:
• ONERA unable to share 

unpublished data
• Limited flow conditions (two 

cases)
• Emphasis on near field (> 1 

main pipe diameter)
• Geometry not fully 

specified
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Symmetry Plane 

Walls 

Diluents' Inlet 
Vy = 100 m/s

Geometry Model
Diluents Flow
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Inlet and exitJet Inlet

Grid: 800K elements, all hex
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Core Flow
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Diluents Flow

Numerical and Experimental Investigation of  Jets in Cross Flow
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Counter Rotating Vortex Pairs

Diluent Flow
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Experimental data versus computational results: 
Axial Velocity Contours
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LES (ONERA)

Experimental data versus computational results: 
Axial Velocity Profiles
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Experimental data versus computational results: 
Axial Velocity Profiles
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Experimental data versus computational results: 

Z = 0:

Jet Species Mass Fraction

Fluent STAR-CCM+ CFD++Experiment

Turbulent kinetic energy contours
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(a) (b)

Turbulent Kinetic Energy Produced via
Two Turbulence Models

Realizable k- Standard k-
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Experimental data versus computational results: 
Jet Concentration Profiles

RANS
Experiment
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Comparison of Predicted Un-mixedness

Prediced Un-mixedness over cross-sectional area for three codes
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Summary

All codes (Fluent, CFD++, and Star-ccm+ using 
realizable k- ) predict the experimental centerline 
velocity profiles reasonably well
Fluent, using the standard k- , & LES predict 
turbulent kinetic energy, centerline velocity profiles 
and centerline concentration profiles that better 
match the experimental data
CFD++ calculations predict jet flow that manifests 
itself in an asymmetric wake profile in a symmetric 
domain
STAR-CCM+ and FLUENT calculations predict a 
more stable flow that maintains wake symmetry
Fluent predicts higher overall mixedness than other 
codes


